Isoamylase was first discovered in yeast by Maruo and Kobayashi (8) , and later the enzyme was found in Aerobacter aerogenes by Bender and Wallenfels (2) . This enzyme was named pullulanase, because it hydrolyzed pullulan to maltotriose. Recently, Abdullah et al. (1) purified the enzyme produced by A. aerogenes.
Up to the present, the ability of bacteria to hydrolyze a-1 ,6-glucosidic linkages in starchtype polysaccharides has been limited to certain strains of A. aerogenes (2, 3) . The production of isoamylase by organisms other than A. aerogenes is reported for the first time in this study. Experimental results on the nature of the organism and its ability to produce isoamylase form the subject of this paper.
MATERIALS AND METHODS
Isolation of coliform bacteria. Soil samples were taken from several districts in Japan and were plated out on Endo Agar (Difco) medium. After certain periods of incubation at 30 C, the plates were inspected for coliform organisms that produced red colonies on Endo Agar plates. In addition to the 190 coliform strains isolated, 9 type cultures (8 strains of A. aerogenes and Escherichia intermedia ATCC 6750)
were also tested for amylase activity. Only two of the type cultures, A. aerogenes KU-2 and A. aerogenes ATCC 9621, produced amylase activity. However, one of the newly isolated cultures, which was distinctly different from A. aerogenes, showed marked isoamylase activity. This culture was selected for further study, and, from several physiological and morphological properties, it was identified as E. intermedia as defined in Bergey's Manual.
Screening test for isoamylase production. Isolated bacteria were grown in 10 ml of the following medium at 30 C under shaking conditions. The medium, recommended by Bender and Wallenfels (2) , consists of 0.1% K2HPO4, 0.05% MgSO4c7H2O, 0.001% FeSO4 -77H20, 0.05% KCI, 0.5% maltose, 0.8% peptone, and 0.5% NaNO3. After 48 hr, the cultures were centrifuged and the isoamylase activities of the supernatant solutions were determined as described below.
Assay of isoamylase activity. Isoamylase was assayed essentially by the method of Kobayashi (5-7). The reaction mixture consisted of 5 ml of 1% soluble glutinous rice starch solution, 1 ml of 0.5 N acetate buffer (pH 6.0), and 1 ml of enzyme solution. After incubation at 40 C for I hr, 1 ml of the reaction mixture was withdrawn and mixed with 1 ml of 0.01 N iodine solution. Water was then added to a total volume of 25 ml. The increase in the optical density at 620 mu was read with a photocell 1 cm wide. An isoamylase unit is defined as an increment in absorbancy at 620 mA of 0.010 in 60 min at 40 C.
Isoamylase attivity, denoted in increments in absorbancy up to 0.100, was directly proportional to the enzyme concentration.
Measuremenit of growth. Growth of the bacteria was determined by measurement of optical density at 660 m, in a colorimeter.
RESULTS
Time course ofisoamylase production in a shaken culture. The organism was grown in 100 ml of the production medium in a 500-ml flask at 30 C under shaking conditions. Samples of the culture were removed after various periods, and, after centrifugation, the isoamylase activity of the supernatant solution was measured. The results in Fig. 1 show that the growth of the cells reached a maximum after 10 hr, but that the production of isoamylase was not complete until 48 hr.
Effect of aerobic conditions on isoamylase production. After 10 hr of shaking, when the bacterial mass reached a maximal amount, one culture was incubated further under static conditions. Toluene was added to another culture, and this stimulated bacterial autolysis. As shown in Fig. 2 From these results, it is clear that aerobic conditions are needed only for the cell growth.
Effect of the constituents of the medium on isoamylase production. Various carbohydrates were compared as carbon sources (Table 1) . Bender and Wallenfels (2) found that maltose, maltotriose, and pullulan induced isoamylase production in A. aerogenes. Our results were similar, but, in addition, we found that dextrin was as effective as maltose for isoamylase production. Glucose and lactose also stimulated production to a moderate degree.
Among the other constituents of the medium, peptone proved to be a better nitrogen source than ammonium phosphate, soy bean cake, corn, or rice bran ( Fig. 3 , the fractions eluted with 0.3 N NaCl in 0.02 N acetate buffer (pH 6.0) were rich in isoamylase activity. These fractions were collected, dialyzed against distilled water, and used for the determination of optimal pH and temperature for enzyme activity.
Effects of pH and temperature on enzyme activity. The effects of pH and temperature on the enzyme activity are shown in Fig. 4 and 5. (8) .] The mixture was incubated at 30 C (yeast) or at 40 C (bacteria). After certain periods, I ml was withdrawn and added to 2 ml of absolute alcohol; the precipitate was centrifuged out, and 2 ml of supernatant solution was dried in vacuum. The residue was then dissolved in 3 ml of I N H2504 and hydrolyzed for 3 hr at 100 C. The glucose produced was determined by the micro Bertrand method and the percentage of hydrolysis was calculated.
The optimal pH was around 6.0, and the optimal temperature, 47 C.
Substrate specificity. The reaction mixture consisted of 5 ml of 1% substrate, 1 ml of 0.5 N acetate buffer (pH 6.0), 1 ml of sweet potato,8-amylase (10 units), and 1 ml of isoamylase (10 units) or water. (One unit of,3-amylase activity was defined as that amount which converted 1% potato starch to maltose in 1 min under the above conditions.) The reaction mixture was kept at 40 C for 20 hr. A 1-ml amount of the reaction mixture was withdrawn, and the reducing power was determined as maltose by the micro Bertrand method. The percentage of hydrolysis in the reaction mixture with isoamylase was compared with that without isoamylase.
b Pullulan was hydrolyzed completely to maltotriose by isoamylase only. (Table 3) , the enzyme is similar to isoamylase from yeast rather than to the R-enzyme. Howevery, isoamylase from yeast cannot hydrolyze pullulan, although isoamylase from E. intermedia can do so (Fig. 6 ). The isoamylase from E. intermedia liberated maltose and maltotriose from ,3-limit dextrin prepared from glycogen; it is thus clear that this enzyme can hydrolyze maltose or maltotriose which is bound by a-i,6-glucosidic linkages at the nonreducing end.
